Objective To investigate the coexistence rate and related factors of developmental dysplasia of the hip (DDH) and congenital muscular torticollis (CMT), and to determine whether ultrasonography (US) gives good value for screening of DDH in CMT. Method We prospectively examined 121 infants (73 males and 48 females) diagnosed with CMT to determine the incidence of DDH by US. We also assessed the relationship between neck US fi ndings and DDH occurrence, and investigated the clinical features of CMT related to DDH. Results 18 patients (14.9%) were diagnosed as having DDH by US. However, most DDH was subclinical and spontaneously resolved. Only 2 patients (1.7%) needed to be treated with a harness. Th e positive predictive value of clinical examinations for DDH was 52.6% and patients treated by harness were all clinically positive. DDH was more common in the left side (13 left, 4 right, 1 both), but 6 out of 18 DDH (33.3%) cases presented on the contralateral side of CMT. Sex diff erence was not observed. Breech presentation and oligohydramnios were not related to DDH occurrence. Neck US fi ndings did not correlate with DDH occurrence. Conclusion Th e coexistence rate of CMT and DDH was concluded to be 14.9%. If only DDH cases that required treatment were included, the coexistence rate of these two disorders would be lowered to 1.7%. All of these patients showed positive findings in clinical examination. Therefore, hip US should not be recommended routinely for patients with CMT.
INTRODUCTION
Congenital muscular torticollis (CMT) and developmental dysplasia of hip (DDH) are relatively common disorders in the new born population. The incidence of CMT in the new born population has been estimated at 0.017 to 1.9%. [1] [2] [3] Th e incidence of DDH with evidence of instability is reported to be 1.0% in new borns, and for
www.e-arm.org infants with evidence of dislocation of hip, the incidence is reported to be 0.1 to 0.15%. 4 Since Iwahara and Ikeda discovered the 14.8% incidence rate of DDH in their patients with CMT in 1962, many reports in the literature have confirmed a consistent relationship between CMT and DDH. Now, the consistent relationship of these two childhood disorders is widely accepted, although the reported concurrence rate varies between 0 and 29%. 1, [5] [6] [7] [8] [9] CMT is apparent on the general physical examination and therefore should not escape notice by the primary care physician or the parents. On the other hand, DDH, whether it be complete dislocation or mild capsular laxity leading to subluxation, may not be so easy to detect.
Ultrasonography (US) is considered one of the most sensitive tools for the diagnosis of CMT 10, 11 and DDH. 12, 13 However, caregivers and the medical system may spend unnecessary cost to screen hip abnormalities with US. This prompted us to search for the coexistence rate of DDH in children with CMT. If the concurrence is high, it may be appropriate to use relatively expensive methods to screen for DDH in all children with CMT. However, if the concurrence is low, it seems less reasonable to use expensive routine screening examinations. In addition, it is important to know how many of these cases of DDH in children with CMT are not apparent on routine physical examination. Th is study was conducted to investigate the coexistence rate of CMT and DDH and the related factors of these two disorders, positive predictive value of clinical examination for DDH, and whether US gave good value for screening of DDH in CMT patients.
MATERIALS AND METHODS
We prospectively examined 121 infants (73 males and 48 females) diagnosed with CMT in our clinic between January 2009 and July 2010. Patients with non-muscular causes of torticollis were excluded by ocular, neurologic, or radiologic examination and neck US. Th e total number of patients with non-muscular causes of torticollis was eight. Six of them suffered from ocular torticollis, whereas two had torticollis from other neurological causes. Diagnosis of CMT was based on clinical criteria including decreased neck rotation or lateral bending, the characteristic chin-occiput positioning with palpable sternocleidomastoid (SCM) mass and normal ocular or neurologic examination. We confirmed CMT with US in an indefinite case of physical examination without palpable mass on the SCM muscle. The US findings of the SCM muscles were divided into 3 grades according to severity (Fig. 1) . Grade 1 was when the thickness of involved SCM muscle increased compared to the normal side. Grade 2 was when a well-demarcated heteroechoic region was observed. Grade 3 was when diffuse hyperechoic fibrous mass was observed. 14, 15 We also acquired the muscle thickness ratio (involved side/ normal side). www.e-arm.org DDH diagnosis and classification were based on hip US and physical examination findings. When performing the examination, we looked for limitation of abduction in the hip joint. The Ortolani and Barlow test was used for physical examination of the hip. All patients were screened for DDH with hip US. When hip US was performed, α angle and Graf classification were documented. 16 Graf classification type 1 was defined when US finding showed a normal form and structure; type 2, a dysplasia of the acetabulum; type 3, decentration of femoral head; and type 4, complete luxation of femoral head. All patients with DDH were followed up by serial hip US after six months from initial US evaluation. All ultrasound scanning for neck and hip was performed by the same experienced sonographer. Birth history (breech presentation and oligohydramnios), sex and side of CMT or DDH were examined as potential risk factors to determine the coexistence rate of DDH and CMT.
Statistical analysis was performed using MedCal software (Mariakerke, Belgium). Logistic regression test was used and p-values of 0.05 or less were considered statistically signifi cant.
RESULTS
One hundred and twenty-one patients were identified as having CMT. Out of 73 male (60.3%) and 48 female (39.7%), 76 patients were seen within 3 months of life, 43 were between 4 and 12 months, and 2 were older than 12 months at presentation (mean age: 3.58 months, SD: 2.98 months). Eighteen patients (14.9%) were noted to have DDH on hip US including 9 males and 9 females. A sex diff erence was not observed (Table 1) .
Most DDH cases were spontaneously resolved at followup examination, and only 2 patients (1.7%) needed to be treated with Pavlik harness. Graf classifi cation of patients treated with Pavlik harness was IIb. Positive predictive value (numbers of positive in physical examination and hip US/numbers of positive in physical examination× 100) of clinical examination for DDH was 52.6% and patients treated by harness were all clinically positive. No false negative cases were observed in the negative physical examination (Table 2) .
Of the 18 patients who were diagnosed with DDH in the hip US, 13 (72.2%) was identified as type 2 by Graf classifi cation, and 5 (27.8%) as type 3. Five patients whose Graf classifi cation was type 3 were all clinically positive, and 2 of them were treated by harness. DDH was more common in the left side (13 left, 4 right, 1 bilateral), and 6 out of 18 DDH (33.3%) presented on the contralateral side of CMT. No correlation was observed between the side of CMT and DDH (Table 3) .
Of the 121 patients, 8 (6.6%) had breech presentation listed, and 3 (2.4%) had oligohydramnios. Of the 18 patients who were diagnosed with DDH in the hip US, none had a history of breech presentation or www.e-arm.org oligohydramnios. Therefore, breech presentation and oligohydramnios were not related to DDH occurrence (Table 2) . Of the 18 patients who were diagnosed with DDH in the hip US, the mean thickness ratio was 2.26. In the group of the other patients, the mean thickness ratio was 2.14. Out of 121 patients, 15 (12.4%) was identified as grade 1 on neck US, 78 (64.5%) as grade 2, and 28 (23.1%) as grade 3. Of the 18 patients who were diagnosed with DDH in the hip US, 13 (72.2%) were identifi ed as grade 2 on neck US, and 5 (27.8%) as grade 3. Th e thickness ratio of neck muscle and grade of neck US did not correlate with DDH occurrence (Table 3) .
DISCUSSION
Th e association of CMT and DDH has been established through many studies 1, [5] [6] [7] [8] [9] and is widely accepted. Given this association, diagnosis of one of the disorders initiates an investigation for the other. Because CMT is clinically apparent, it most often leads to the evaluation of DDH. DDH is an important term because it accurately refl ects the biologic features of the disorder and the susceptibility of the hip to become dislocated at various times. Early detection of DDH enables more effective treatment. Th erefore, a screening test for the detection of DDH was attempted with various methods. In recent years, hip US has been recommended as a tool in early diagnosis of DDH in infants. However, it is inevitable that the families and medical establishment have to incur an unnecessary expense, while hip US is oversensitive to diagnose hip abnormalities that have been resolved spontaneously and need no medical treatment. Th erefore, we evaluated how many patients diagnosed with DDH in the hip US had to be medically treated, and considered whether physical examination could be the diagnostic tool instead of the hip US. Factors associated with DDH include ligamentous laxity, pre-and post-natal positioning, as well as genetic and environmental factors. In particular, conditions such as CMT, oligohydramnios or breech presentation predispose to DDH. 4, [17] [18] [19] Therefore, current clinical guidelines 4 recommend conducting routine hip imaging screening tests in the case of female infants 20 with either positive familial history of DDH or history of breech presentation because of the significant risk for DDH. However, there is no consensus on routine hip imaging screening for patients with CMT.
The most important result from our study is that most of the 18 patients who were diagnosed with DDH in the hip US were spontaneously resolved at follow-up examination, and only 2 patients needed to be treated with Pavlik harness, and were all clinically positive on physical examination. Th e results of our study show that US of the hip should not be recommended routinely as a screening tool for those patients with CMT.
In 2001, a similar study was reported by Y.C. Tien at al. 21 From the results of their ultrasonographic study, the coexistence rate between CMT and DDH was concluded to be 17%, and if only those hip dysplasias that required treatment were included, the coexistence rate of these two disorders would be lowered to 8.5%. Owing to these results, hip US was recommended routinely for those patients with CMT. However, they only investigated the value of hip US as a screening test in DDH without consideration of whether the physical examination of the hip was enough as a screening test in DDH. Th erefore, in spite of a similar coexistence rate between CMT and DDH to the rate observed by us, they adopted a completely opposite stance about the values of US hip as screening tool.
Another study showed that an 8% incidence rate of DDH www.e-arm.org in a group of 70 patients with CMT was found, and they decided that routine history and physical examination are sufficient for the identification of DDH in children with CMT. 22 However, they did not examine the rate at which hip US proven cases of DDH go on to develop CMT, while they performed hip physical examination in all patients with CMT clinically. Therefore, their results can be distinguished from our study.
We concluded that hip US should not be recommended as a routine test for patients with CMT. In addition, we investigated the indication for hip US as a screening test in infants with CMT, such as female sex, breech presentation, history of oligohydramnios and severity of CMT. However, this study provides no evidence that these risk factors signifi cantly increase the rate of DDH in patients with CMT.
A number of reports have mentioned that wellknown risk factors for DDH include female sex, breech presentation, history of oligohydramnios, side of CMT or DDH and other associated factors. However, the assessment for these risk factors was limited in our study, because we evaluated risk factors that were only recorded precisely enough to be comparable.
Our study also has limitations because the clinical examination of hip and interpretation of US fi ndings were described subjectively and the results can be different depending on experience of the examiner.
Compared with previous studies that reviewed charts and records of patients with CMT retrospectively, this study was meaningful because we investigated the coexistence rate of two disorders prospectively by performing hip US in all patients with CMT for the first time.
CONCULUSION
We concluded that, despite the association of CMT and DDH, a patient presenting with CMT does not require routine hip US screening test, excluding the case of abnormal clinical hip examination. In other words, hip US should be checked after confi rming abnormal clinical fi ndings of the hip in CMT patients.
